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The purpose of this investigation was to study the effect 
of instrument parameter changes upon X-ray intensity measure-
ments of the copper-manganese system. The parameters utilized 
in this study included: (1) polished, contaminated, and 600 
grit surfaces; (2) constant sample current and constant beam 
current modes; and (3) 15 KV, 20 KV, and 25 KV accelerating 
potentials. 
Inspection of the data disclosed three interesting points: 
(1) copper and manganese X-ray intensity measurements appear to 
be a linear function of composition in the 15 KV through 25 KV 
accelerating potential range; (2) electron backscatter measure-
ments consistently show in a limited range coefficients larger 
than either of the pure elements; (3) X-ray diffraction studies 
of these alloys indicates that the lattice parameters are in-
creasing; whereas, if manganese were added substitutionally the 
parameters would change very little. 
Subsequent analysis of the data produced two empirical methods 
of utilizing uncorrected data without applying advanced mathe-
matical corrections. The two empirical methods are: (1) a linear 
adjustment method; and (2) a graphical compensating method. 
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I. INTRODUCTION 
A. STATEMENT OF THE PROBLEM 
Electron microprobe analysis is the technique of exciting an 
atom, by means of high energy electron bombardment, to a state re-
sulting in emission of characteristic radiation. Qualitative analysis 
of minute quantities by this technique is generally very reliable; 
however, the limiting factor of this technique is introduced as the 
high background resulting from the continuous spectrum generated by 
decelerated electronsl. Consequently, the intensity of the charac-
teristic radiation must be higher than the background and the 
deviation is dependent upon three primary phenomena: (1) secondary 
fluorescence, (2) matrix absorption, and (3) atomic number effects. 
The evaluation of these critical phenomena upon a multitude 
of compounds has been conducted by many investigators, both 
theoretically and empiricallyZ,J,4,5,6. X-ray intensity corrections 
consisting of these phenomena can be applied only upon known systems 
or upon systems whereby an approximate analysis of a homogeneous 
sample can be assumed and theoretical intensity correction procedures 
applied. That is, intensity corrections can be applied if the 
concentration dependence is known. This type of treatment assumes 
the phenomena of electron impact and diffusion are fully understood. 
As a result, it is a common occurrence to obtain and use corrected 
intensity data retaining a large error. 
Prominent intensity correction procedures are affected by 
certain variables such as (1) X-ray intensity as a function of 
accelerating potential, (2) sample current, and (3) beam current 
as a function of accelerating potential. 
B. PURPOSE OF THIS INVESTIGATION 
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The purpose of this investigation was to study the effects of 
certain parameter changes upon the analysis of a known system 
using X-ray intensity measurements and electron backscatter 
techniques. X-ray intensity measurements were conducted while the 
operating variables were changed and included: (1) different 
surfaces, (2) different accelerating potentials, and (3) constant 
beam and constant sample currents. The influence of these 
variables on electron backscatter was investigated during analysis 
of a copper-manganese binary system incorporating a high fluores-
cence yield correction, low absorption, and low atomic number 
differences. Additional support studies were conducted and included 
metallographic and X-ray diffraction analyses. 
C. EXPECTED RESULTS 
Inspection of the data disclosed three interesting points: 
(1) Copper and manganese intensity measurements on 600 grit and 
polished surfaces appeared to be a linear function of composition 
in the 15 through 25 kilovolt range. This suggests that raw inten-
sity data may be utilized as corrected data if the appropriate 
kilovoltage is used or if a constant correction factor for each 
operating potential is used. (2) Electron backscatter 
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measurements consistently show in a limited range backscatter 
coefficients higher than either of the pure elements. This suggests 
that this range of alloys has a unit cell more dense than that of 
copper. (3) X-ray diffraction studies of this range of alloys 
indicate that the lattice parameter is increasing, whereas, if 
manganese were added substitutionally the parameter would change 
very little or decrease slightly if any change did occur. 
Data analysis was approached with the aim of detecting any 
correlation that might exist between uncorrected intensity data, 
backscatter data, and corrected intensity data. One simple method 
of utilizing uncorrected data is discussed for this particular 
system, and another method of selecting an ideal operating potential 
for other systems is proposed. 
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II. LITERATURE REVIEW 
A. GENERAL APPROACH 
Electron probe microanalysis is a fundamental study of electron 
impact phenomena resulting in a secondary effect of X-ray emission. 
Each element when subjected to electrons having at least the 
excitation potential will emit characteristic radiation. Thus, 
appropriate experimental setups containing dispersive or non-
dispersive X-ray detection systems can be used to identify unknown 
materials. The limits of detection of light elements was previously 
limited due to the lack of analyzing crystals with large d-spacings; 
however, the use of lead stearate crystals has extended the quali-
tative detection limit down to boron. 
Another aspect, namely quantitative analysis, can be 
extremely trying with the exception of those systems whereby the 
relationship between x-ray intensity and composition has been 
established by previous analyses. In all other systems, some means 
of correcting the observed intensities for various phenomena must be 
utilized. The general approach involves the relative intensity of an 
element in a system, that is, the intensity ratio of an element in 
the sample to the intensity in a pure standard of that element. This 
ratio has to be related to composition and expressions for this rela-
tionship have been proposed by such scientists as Birksl, Castaing7, 
Wittry8 , and many others 9 •10 • 11 . The major corrections that must be 
applied other than instrument variables are: (1) X-ray absorption 
coefficients, (2) X-ray fluorescence yields, and (3) atomic number 
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corrections. Wittry 1 s technique for correction made several simpli-
fying assumptions, one of which is generally found unacceptable8; 
that is, all radiation generated is at the sample surface, which 
applies at low accelerating potentials but is probably in error for 
high accelerating potentials. Birks! has an acceptable technique in 
most systems; however, he does not consider the X-ray emergence angle 
as a variable. At low spectrometer take-off angles this deletion 
would not be important; however, at high emergence angles good results 
would not be expectedl. One very good correction procedure is out-
lined by Ziebold and Ogilvie, again, however, there is one objection-
able absence, that is, a means of inserting the accelerating potential 
effect in fluorescence and atomic number factors2. Unfortunately, 
there is no unanimous agreement among scientists as to the best 
method of treating the data or even the phenomena involved. 
B. EMPIRICAL APPROACH 
As a result, several investigators2,3 are using an approach 
involving empirical methods of data analysis applicable to binary 
systems alone. This approach usually involves methods including: 
(1) previous study of the system involving an analysis of a series 
of alloys in a binary system and having the function of relative 
intensity with composition, and (2) various means of applying an 
empirical relationship from one system to many systems including 
ternaries have been conducted with little success. Even though a 
voluminous amount of literature is available on correction procedures, 
the known analysis of a binary alloy series is still the most satis-
factory method. An analysis of a series of alloys and the observed 
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intensities will allow a correction graph to be produced for use 
in comparing with unknown samples from the series. 
C. SAMPLE CURRENT APPROACH 
Another means of analysis first proposed by Castaing involves 
the use of sample current measurements for chemical analysis7 
(Fig. 1). The bombardment of a material by a high energy electron 
beam results in: (1) elastic and non-elastic collisions of electrons 
resulting in high energy backscattered electrons of the kilovolt 
energy range, (2) secondary electrons produced by photoelectron 
effects having energies less than fifty electron volts, and (3) 
conduction electrons observed as sample current. It was found that 
each element has its own characteristic backscatter coefficients, 
secondary yield, and total yield. The backscatter coefficient is 
usually defined as the difference between the initial electron beam 
current and the sample current divided by the initial beam current. 
Measurements are obtained with a suppression grid placed above 
the sample surface and/or positively biasing the sample at 50 
volts to suppress the secondary electrons. The secondary yield is 
usually defined as the difference in the data obtained between back-
scatter measurements with and similar measurements without, a 
suppression mechanism inserted. The total yield is the sum of 
the fraction of impinging electrons that escape from the material's 
surface during bombardment. Characteristics of these phenomena as 
observed by several investigators6,10,13,14,15 include: (1) The 
backscatter coefficient increases with atomic numbers up to about 
7 
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FIGURE 1 SAMPLE CURRENT APPARATUS 
8 
0.5 for the heaviest elements and is not a linear function. The 
backscatter coefficient increases rapidly through atomic number 30 
and then levels out at higher atomic numbers (Fig. 2). (2) The 
secondary yield is very high at low atomic number and decreases with 
an increase in atomic number. (3) The total yield thus is influenced 
more by secondary electrons at low atomic numbers than at high atomic 
numbers. Another significant fact is the apparent backscatter co-
efficient stability with accelerating potential; however, the pro-
duction of secondary electrons is definitely a function of accelerat-
ing potential and secondary yield rapidly increases as potential 
decreases. 
/ . . 6 '7 '13 '14 d 
, / Several ~nvest~gators have attempte to extend back-
scatter coefficients to quantitative analysis, and Castaing assumed 
that the backscatter coefficients were a linear function of com-
'v position of the alloy. He equated the backscatter coefficient of 
the alloy as being equivalent to the sum of the weight concentration-
backscatter coefficient product of each constituent element. 
T)alloy = 
This relationship is valid for some particular compounds, and Poole 
and Thomas6 measured backscatter coefficients for many compounds and 
concluded that most of the data from the compounds seem to fit the 
linear relationships. Another means of analysis involves the use of 
a mean atomic number method. Heinrich and Colbyl0,13 also have shown 
evidence that total yields and backscatter coefficients have a linear 
relationship with composition; however, the results sometimes are 
quite erratic. 
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The complete study of a binary system using the electron 
current measurements has not been conducted thoroughly and the 
need for such studies is evident. Some combined X-ray intensity 
and electron phenomena studies should be conducted comprehensively 
on a binary system for comparison of results. The possibility of 
finding a correlation of data such that correction procedures might 
be simplified is of great importance. 
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III. SCOPE OF THE INVESTIGATION 
A. X-RAY INTENSITY MEASUREMENTS 
This investigation is primarily concerned with possible differ-
ences in data as accomplished by instrument parameter changes in the 
two predominant modes of operation. These modes of operation used 
in the electron microprobe are: (l) X-ray intensity measurements 
and (2) sample current measurements. It was assumed that by 
changing instrument parameters a sufficient amount of data could 
be obtained such that a correlation of data might provide a means 
of analysis acceptable without the usual correction problem. 
The system under investigation is a series of alloys in the 
copper-manganese binary system provided with chemical analyses by 
the United States Bureau of Mines at Rolla, Missouri. Inspection of 
the phase diagram shows the range of alloys that one might expect for 
single and multiple phase alloys (Fig. 3)16. A metallographic analysis 
was performed with extreme difficulty. Because of the lack of a mild 
etchant, only micrographs of nine alloys were obtained; however, these 
are sufficient to cover all the phases present in the complete diagram. 
In addition, all the alloys were powdered and X-ray diffraction 
patterns were obtained ~ig. 4). Analysis of the micrographs and 
x-ray diffraction data permits the determination of the phases present 
in each alloy at room temperature. 
The first mode of operation normally used in the microprobe is 
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FIGURE 4a DEBYE-SCHERRER POWDER PATTERNS 
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FIGURE 4b DEBYE-SCHERRER POWDER PATTERNS 
15 
FIGURE 4c DEBYE-SCHERRER POWDER PATTERNS 
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amount of data was obtained. All X-ray intensity measurements were 
taken with a fixed count mode utilizing a lithium fluoride crystal. 
All data points are a result of a sufficient number of counts such 
that a one percent deviation or less should be expectedl7. 
The effect of instrument parameter changes upon the relative 
intensity associated with a particular sample composition was 
produced by changing the following: (1) 600 grit surfaces and 
polished surfaces, (2) 15 KV, 20 KV, and 25 KV acceleration 
potentials, (3) constant beam current and constant sample current 
measurements, and (4) manganese and copper ~ wavelengths. 
B • SAMPLE CURRENT MEASUREMENTS 
The second mode of operation of the microprobe involved the 
monitoring of the sample current and use of a suppression grid. The 
following data were obtained for several alloys: (1) backscatter 
coefficients, (2) secondary yields, and (3) total yields. The effect 
of instrument parameter changes on these characteristic properties 
was produced by changing the following parameters that included: 
(1) 15 KV, 20 KV, and 25 KV accelerating potentials and (2) polished 
and contaminated surfaces. A correlation between relative intensity 
measurements and sample current measurements for 600 grit surfaces 
was not considered feasible since irregular electron scattering will 
occur on rough surfaces during sample current measurements. The high 
manganese alloys corroded quickly when subjected to the atmosphere 
and this process was substituted for 600 grit surfaces during sample 
current measurements. 
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The parameters selected for study have been recognized as 
controlling mechanisms for several years; however, a thorough study 
in one particular system has not been conducted. Since the accuracy 
of X-ray intensity measurements is a function of the fluorescence 
yields, absorption, and atomic number effects, the influence of 
each effect can be altered by the proper use of the available 
instrument parameters. Sample current measurements also involve 
atomic number effects, surface conditions, and accelerating 
potentials. 
C. EXPECTED RESULTS 
Analysis of the data will show two methods that can be utilized 
in determining alloy compositions in this system. Also, the possibility 
of using a sample current measurement for surface cleanliness studies 
will be discussed. The two methods of analysis will include: 
(1) linear adjustment of all data, and (2) a suggested method of 
selecting operating parameters in other systems. 
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IV. EXPERIMENTAL PROCEDURE 
A. SAMPLE PREPARATION 
X-ray intensity measurements were conducted upon samples provided 
by the United States Bureau of Mines at Rolla, Missouri. The system 
consisted of 15 alloys along with pure copper and pure manganese. 
Several alloys together with pure standards were mounted in copper 
diallyl phthalate thermosetting plastic and provided two mounts for 
study. The surfaces were prepared first by hand grinding on 240, 
400, and 600 grit papers, respectively. Subsequent X-ray intensity 
measurements were conducted and then the samples were hand polished 
with two micron diamond paste. The final polish was produced with 
a vibratory polisher using a two-tenths micron alumina suspension. 
The sample current specimens were hand mounted into counter-
sunk holes in bakelite blanks. The individual specimens were held 
in place by a two part epoxy resin. Each alloy had a copper elec-
trical lead soldered on one end which protruded through the bakelite. 
Also included were pure copper and pure manganese standards with 
attached electrical leads. In addition, a Faraday cup was constructed 
from a 0.375-inch welding rod. The center of the rod was drilled out 
except for a retaining wall at one end. The inside of the cup was 
coated with carbon for conduction purposes and a lead-tin solder 
plug was inserted in the opposite end. An electrical lead was 
attached to the cup and the cup was mounted along with the alloy 
specimens (Fig. 5). The two mounts were then hand ground on 240, 






























finished with a two-tenths micron alumina suspension in a vibratory 
polisher. A three mil hole was drilled into the Faraday cup for 
beam entrapment purposes. These samples were then exposed to the 
atmosphere for two weeks and resulted in the high manganese alloys 
becoming contaminated on the polished surfaces. Subsequent sample 
current measurements were performed and the samples were repolished. 
The samples were then stored in a vacuum chamber. 
The metallographic preparation was conducted by polishing and 
etching with chromic acid or citric acid. The micrographs were taken 
on an American Optical metallograph. Although a standard procedure 
was used, considerable time was required for this study and the proper 
etching of high manganese alloys was not easily accomplished. 
The X-ray diffraction study was conducted upon alloy powders 
obtained by filing and sieving through a 320 mesh screen. The 
powders were placed in capillaries of 0.2 millimeter diameter. It 
should be noted that the powders are not annealed since room tempera-
ture phases must be detected. 
B. ELECTRON MICROPROBE 
The electron microprobe used in this study was an Applied 
Research Laboratory model incorporating a 52.5° take-off angle for 
X-rays. The basic design for the sample chamber lends itself to 
modification for multiple sample current and X-ray intensity 
measurements. The sample chamber is designed so that isolation 
from the main electron optics column is easily obtained. The sample 
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chamber also has an access port that is easily converted to an 
electrical feedthrough system. The spectrometer crystal used in 
this analysis was lithium fluoride. The tune-up procedure for each 
sample required a one hour warm-up and a beam size of approximately 
two microns. The drift in the electron beam observed in all cases 
was less than one percent. A pulse height analyzer was used for 
pulse height discrimination prior to counting. 
C. X-RAY INTENSITY MEASUREMENTS 
The counting statistics used in this study required that a one 
percent maximum deviation or less be encountered on 96 percent of 
all the data measurements. The minimum number of counts was obtained 
on all measurements with the exception of a few low concentration 
alloys where the counting time became prohibitive due to surface 
contamination of the sample by the beam. The peak to background 
ratios of 5 percent manganese and 15 percent copper were the lowest 
and were approximately 12 to one. Substituting into an equation 
presented by Zingarol7: 
SD = 1 R-1 v R(R+l)/Np (100) 
where~ SD is one standard deviation (lcr) 
R is the peak to background ratio 
Np is the total number of counts at the peak 
22 
Since a one percent maximum deviation in 96 percent of all measure-
ments is a 2cr deviation, 0.5 is substituted for 2a and 12 for R and 
Np is found as being approximately 50,000 counts. For data measure-
ments of 50,000 counts we can assume a maximum deviation of one 
percent or less. 
The operating procedure involved alignment of the instrument, 
a two micron beam size, and checking the drift. Initial peak to 
background ratios were checked for compliance with the standard 
deviation required. The 600 grit surface samples were inserted and 
the incident electron beam was adjusted for each sample to maintain 
a constant sample current. All measurements for copper &a were com-
pleted for 25 KV and the procedure was applied twice again to obtain 
data for 20 KV and 15 KV. The spectrometer was set to manganese &a, 
and all the measurements were repeated for a constant sample current 
of 0.015 microamperes. 
For constant beam current measurements, a beam corresponding 
to 0.015 microampere of sample current was used. This beam current 
was adjusted to 0.07 microamperes. Similar measurements were taken 
as described above except that a constant beam current was main-
tained for all measurements. 
After all x-ray measurements were obtained on 600 grit surfaces, 
a final polish was applied by using a silk cloth with two micron 
diamond paste for a rough polish, then using a two-tenth micron 
alumina suspension in a vibratory polisher for applying the final 
polish. 
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Again, X-ray intensity measurements were repeated for constant 
beam currents 25 KV, 20 KV, and 15 KV accelerating potentials. 
A series of constant sample current measurements were not 
obtained because of the necessity of maintaining a constant electron 
beam current for backscatter measurements. A constant beam current 
is preferred for electron backscatter measurements since it has not 
been demonstrated that the precision of a backscatter measurement is 
independent of the magnitude of the electron beam current. Since 
comparison to electron backscatter measurements would have been 
questionable, the constant sample current measurements of X-ray 
intensity were eliminated. 
D. SAMPLE CURRENT MEASUREMENTS 
The characteristics of sample current measurements require a 
means of accurately measuring the electron beam current. Because of 
this, a Faraday cup arrangement was utilized. A total of eleven 
alloy specimens, four pure standards, and two Faraday cups were 
mounted into two samples. These samples, because of their non-
conductive surrounding, will be called isolated specimens. That is, 
the individual specimens are isolated from ground potential except 
through the attached electrical leads. 
The actual sample holder supplied with the ARL microprobe was 
modified as follows: A round disc screen of aluminum was attached to 
the top of the sample holder with conductive silver paint. The screen 
contained holes of approximately one-sixteenth of an inch square and 
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about one-sixteenth of an inch above the actual specimens. The 
sample holder is now a conductive cage surrounding the individual 
samples. 
The normal means of monitoring the sample current was modified 
by disconnecting the wire from the current amplifier and applying a 
negative bias to the suppression grid through the wire. The electri-
cal wire from the individual specimens were wired to an electrical 
feedthrough in the sample chamber. The electrical feedthrough was 
constructed from a bakelite blank. Holes were drilled in the blank 
for copper wires and the wires were sealed in the bakelite with epoxy 
resin. An 0-ring seal was used to maintain the vacuum in the sample 
chamber. 
A rotating switch mechanism was constructed such that monitoring 
of the sample and beam currents could be performed rapidly. An 
electrical lead was provided from this mechanism to measure the sample 
currents by the ARL microammeter or a picoammeter. Since the number 
of significant figures available on both were identical, the ARL 
system was chosen for convenience. 
The suppression grid bias was provided by a constant voltage 
source and a variable resistor. The potential could be varied from 
Ov to -200v with respect to the sample. The grid bias was monitored 
by a volt-ohmmeter. 
The sample current apparatus was installed and initial checks 
and measurements were performed. The beam was placed in the Faraday 
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cup and a current measurement noted. Determination of the efficiency 
of the cup and grid was checked by applying the suppression grid bias. 
If the grid bias caused a change in the sample current of the cup, 
then the setup was unsatisfactory. This is a valid assumption because 
high energy backscattered electrons are not affected by the bias. Any 
secondary emission from the grid would have been recognized by an 
increase in the sample current of the cup. A suppression grid bias 
of 100 volts did not affect the sample current measurement of the 
electron beam. It was concluded that the entire beam was being 
caught. Another parameter that had to be known was the appropriate 
grid bias to be utilized. The electron beam was placed upon pure 
copper and the sample current was monitored as the grid was applied. 
As the grid bias was increased from Ov to -30v, the sample current 
increased as expected; however, after approximately -40v no additional 
change was observed. As a result, it was concluded that -50v suppres-
sion grid bias was adequate to suppress secondary emission. 
Another effect which was noted involved the slight increase in 
backscatter coefficients as the electron beam current was increased 
ten-fold. Apparently, the sample current did not increase propor-
tionately to the beam current increase and the backscatter coefficients 
became slightly larger. The optimum beam current would be that value 
whereby an increase in beam current would not increase the back-
scatter coefficient. Since the previous X-ray intensity measurements 
were performed using an electron beam current of 0.07 microamperes, 
the same range was used for backscatter measurements. 
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The last effect observed involved the application of the 
suppression grid bias. There was no noted change in the sample 
current as the grid bias was applied; however, decreasing the grid 
bias caused the microammeter to deflect abnormally as if an opposite 
current was present. After ten minutes, the microammeter was back 
to its original reading. This indicates a possible capacitance 
discharge composed of the grid-sample couple. This effect required 
that all measurements be taken with the suppression grid energized, 
then de-energized and the measurements again be recorded. 
In contrast to the X-ray intensity measurements on 600 grit 
surfaces, sample current measurements could not be performed due 
to the restrictions of backscatter phenomena discussed in the 
previous section. Therefore, a contaminated surface provided by 
atmospheric oxidation was investigated. The high manganese alloys 
were susceptible to rapid oxidation. The procedure for measuring 
required first that no grid bias be applied, then the electron beam 
current collected by the Faraday cup was monitored and adjusted to 
correspond to 0.050 microamperes at 15 KV potential. The grid bias 
of -50v was applied and no change in beam current was observed. The 
sequence of measuring involved monitoring the electron beam current, 
moving to a sample and recording the sample current. Upon completion 
of all measurements with the suppression grid energized, the grid 
bias was removed. At this step, the microammeter was driven in reverse 
and required approximately ten minutes to return to normal. All 
measurements were repeated without the suppression grid energized. 
This whole sequence was then repeated for 20 KV and 25 KV. 
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For use as a comparison to X-ray intensity measurements, the 
samples were given a polishing schedule described previously. All 
pertinent measurements for 15 KV, 20 KV, and 25 KV were conducted and 
recorded. The data calculations for the backscatter coefficients, 
secondary yields, and total yields will be discussed in a subsequent 
section. 
E • SAMPLE CALCULATIONS 
The calculations necessary for the X-ray intensity measurements 
involve only taking the required number of counts of the peak intensity 
and subtracting the number of counts associated with the background 
intensity. This provides the net peak and is converted into counts 
per second (c/s) by dividing the time in seconds into the accumulated 
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peak background 
X-ray intensity studies normally involve a more useful quantity 
called the relative intensity ratio. This quantity is the net peak 
intensity of a constituent in a mixture divided by the net peak 
intensity of the constituent in its pure state. This ratio is a 
dimensionless number that is a measure of the concentration of the 







The sample current measurements are conventionally designated as 
the backscatter coefficients (~), the secondary yield (6), and the 
total yield (~). Impact of the electron beam with the sample surface 
produces high energy backscattered electrons, low energy secondary 
electrons, and a sample current. In an ideal case the sum of the 
sample current, the "backscatter current," and the "secondary current" 
should be equal to the impinging electron beam current (Fig. 1). In 
this investigation, the ideal case will be considered a valid assump-
tion. Since any errors associated with this assumption will be 
present in all measurements, comparisons of the measurements should 
be valid. The probable errors present will be discussed in a subse-
quent section. 
Since Io = Ib + Ia + Is 
where: Io is the initial electron beam current 
Ib is the "backscatter current'' 
I a is the ''secondary current" 
Is is the sample current 
A negative potential is applied to the suppression grid above 
the sample surface, the secondary electrons are suppressed, and only 
the high energy backscattered electrons escape. 
I I 
If Io = Ib + Is as Ia-- o and Ib = I 0 - Is 
I 
where: Is is the sample current with the grid energized. 
Divide both sides by I 0 : 
then: 










"' is the fraction of high energy electrons that are 
backscattered from the sample surface. 
The total yield (~) is defined as the total fraction of 
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electrons being deflected from the sample surface. This measure-
ment is obtained by not imposing a suppression bias near the sample 
surface. 
Io - Is If: ~ = 
Io 
' Io - Is - Io + Is 
then: ~ 1 - ., = 
Io 
where: 6 is the secondary yield. 
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V. RESULTS AND DISCUSSION 
A. INTENSITY MEASUREMENTS ON 600 GRIT SURFACES 
The X-ray emission monitoring of a series of manganese-copper 
alloys was conducted incorporating 600 grit and polished surfaces, 
15 KV, 20 KV, and 25 KV accelerating potentials. In addition, the 
instrument was controlled such that both constant beam current and 
constant sample current measurements could be obtained. The data 
were plotted in such a way that for a given set of parameters the 
difference in monitoring the CuKa and MnKa lines can be readily 
observed (Figs. 6 and 7) . 
For a 600 grit surface and a 15 KV accelerating potential, the 
positive or negative deviation from the ideal relationship can be 
observed for each element in the alloy. Constant beam measurements 
of the copper Ka line intensities gave less scatter than the manganese 
Ka intensities. The absorption of manganese Ka wavelengths by the 
matrix is quite pronounced in several alloys. For constant sample 
current measurements, the manganese Ka line intensities are definitely 
higher; however, for copper~ line intensities, the choice of 
constant beam or constant sample current is not important. At 15 KV 
accelerating potential, all determinations will be within 10 percent 
error or less. 
For a 600 grit surface and a 20 KV accelerating potential, the 
results indicate that the use of the manganese Ka line intensities 
for evaluating copper and manganese concentrations give better results 
than the use of the copper Ka intensities. Even though constant sample 
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current measurements give a positive deviation and constant beam 
measurements give a negative deviation, the use of the manganese 
line intensities for either measurement gives better results than 
the use of copper line intensities. The constant beam measurements 
utilizing the copper ~ line are close to the actual compositions; 
however, the constant sample current measurements have a high 
negative deviation. Under this set of parameters, a 10 percent or 
less error can be expected by using the constant beam current mode 
of operation for either copper or manganese line intensity determi-
nations. 
For a 600 grit surface and a 25 KV accelerating potential, a 
positive deviation is found when manganese Ka is monitored for both 
constant sample and beam currents. A monitoring of the copper Ka 
line intensities gives a slight negative deviation for both constant 
sample and beam current measurements. A good analysis under these 
parameters can be accomplished by averaging either the copper or the 
manganese intensity ratios obtained by using constant beam current 
and constant sample current (Fig. 6). 
Constant sample current measurements for manganese ~ line 
intensities at 15 KV, 20 KV, and 25 KV accelerating potentials all 
have a positive deviation of which the severity decreases with an 
increase in acceleration potential. The constant sample current 
measurements for copper ~ intensities have negative deviations that 
increase from 15 KV to a maximum at 20 KV and then decreases slightly. 
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The constant beam current measurements of the manganese Ka line 
have a negative deviation at 15 KV; however, at 20 KV, the deviation 
becomes less until at 25 KV, the deviation is actually positive. The 
effect of the accelerating potential upon the copper Ka line for 
constant beam measurements is negligible. All deviations for these 
measurements are within 10 percent or less (Fig. 8). 
B. INTENSITY MEASUREMENTS ON POLISHED SURFACES 
All alloy samples were then polished and copper ~ and manganese 
Ka intensity measurements were obtained for constant beam currents at 
15 KV, 20 KV, and 25 KV accelerating potentials. For manganese~ 
line intensities, the scatter increases as the potential increases; 
whereas, with the copper Ka measurements, the higher acceleration 
potentials seem to provide less scatter and better precision in the 
data p o in t s . 
Individual graphs of constant beam current measurements and 
monitoring of one element shows that the net effect of accelerating 
potential is to shift the composition line vertically, either towards 
the positive or negative deviation. Figure 9 shows three graphs of 
constant beam current with manganese ~ monitored. As the potential 
increases, the data shifts such that a slightly negative direction is 
finally a positive deviation at 25 KV. 
C . BACKSCATTER MEASUREMENTS 
Backscatter measurements using a -50v negative grid bias was 
performed upon oxydized and polished surfaces of the alloys. These 
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DEVIATION FROM THE TRUE COMPOSITION 
Accelerating 
Constant Sample Current Constant Beam Current 
Potential Copper''~ Manganese Copper Manganese 
15 KV Positive Negative Negative Positive 
20 KV Positive Negative Negative Positive 
25 KV Positive Negative Positive Positive 
;'( Deviation Less than 10 Percent for all Measurements. 
FIGURE 8 - DEVIATION OF THE X-RAY INTENSITY MEASUREMENTS FROM THE 
TRUE COMPOSITION 
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data points were similar in that both series of data points contain 
a maximum; whereas, this particular backscatter coefficient is greater 
than that of copper which, because of its higher atomic number, should 
theoretically be the maximum backscatter coefficient of each series. 
In both series of data points, the backscatter coefficients obtained 
at 25 KV lie in between those of 15 KV and 20 KV accelerating 
potentials (Fig. 10). Thus, another example of dependence upon 
accelerating potential is observed. The primary differences observed 
between oxydized and polished surfaces are that data scattering is 
reduced considerably by improving the surface condition, and the 
corresponding backscatter coefficients are also slightly increased. 
It appears as though the dependence of backscatter coefficients upon 
accelerating potential decreases as the surface becomes closer to the 
ideal surface. 
D. SECONDARY YIELDS 
Secondary yield measurements on a polished surface for 15 KV, 
20 KV, and 25 KV accelerating potentials show that at low manganese 
concentrations the secondary yields decrease with increases in the 
accelerating potential, while at high manganese concentrations, the 
yields increase with accelerating potential increases (Fig. 11). 
These areas of divergence can probably be associated with the difference 
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Eo TOTAL YIELDS 
The total yields for polished surfaces at 15 KV, 20 KV, and 
25 KV accelerating potentials does not seem to be affected by a 
potential change. Although the data points are different at all 
potentials, the similarity of the curves is very pronounced ~ig. 12). 
F. METALLOGRAPHIC AND X-RAY DIFFRACTION RESULTS 
The metallographic analysis of the alloys was accomplished by 
using a chromic acid etch for low manganese concentrations and a 
citric acid etch for high manganese concentrations. All photomicro-
graphs were taken at 500 diameters magnification. An increase in 
manganese concentration decreases the grain size. Evidence of prior 
working and recrystallization is evident in most of the photomicro-
graphs. All alloys appear to be single phase and X-ray diffraction 
results tend to confirm the metallographic analysis (Fig. 13) 
(Table XVIII). The final thermal and mechanical treatments would 
result in single phase alloys for the range of manganese concen-
trations under investigation (Table XIX). The apparent physical 
state of the alloys is completely acceptable for electron microprobe 
analysis. 
G. DISCUSSION OF RESULTS 
Analysis of the data produces several points of interest, some 
of which could lead to a method of selecting optimum operating 
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MICROGRAPHS FROM SELECTED SAMPLE 
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parameters. One prominent observation is the approximate linearity 
of the X-ray intensity data with composition. The displacement of 
this linearity with accelerating potential is not predictable. In-
creasing the accelerating potential does not necessarily increase 
the relative intensity ratios. The 600 grit surfaces appear to 
produce better average intensity measurements compared to the polished 
surfaces. This can be seen by noting the better linearity between the 
intensity measurements and the composition. The excessive scattering 
found in some measurements is likely to be the result of intensity 
measurements taken on or near areas containing secondary phases 
present in the alloy matrix. In some ranges of these alloys, this 
possibility exists. The scattering of the data is not a major problem 
in this system even though the system is not a continuous solid 
solution. A method for utilizing this apparent linearity will be 
discussed later in this section. 
Analysis of the electron backscatter measurements for copper, 
manganese, and the fifteen alloys does not produce a relationship 
that coincides with a linear backscatter-composition equation. The 
general trend of the measurements are linear; however, a range of 
alloys has backscatter coefficients greater than either pure copper or 
pure manganese. This type of deviation compares with the values 
sometimes found in entropy of mixing measurements. The possibility 
that this deviation corresponds to such a deviation in the entropy 
of mixing should be considered. The X-ray diffraction measurements 
show that for this series of alloys, the matrix is face centered 
cubic; however, the addition of manganese apparently interrups 
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diffraction since line broadening and less intense lines are observed. 
The two-theta angles decrease with manganese addition and indicate 
the possibility of an interstitial type of lattice, since the electrical 
conductance decreases more rapidly than would be expected if a sub-
stitutional mechanism was apparentl8 (Fig. 14). The range of alloys 
showing the greatest change in electrical conductivity also corresponds 
to that range of backscatter coefficients having the highest deviation 
from the expected values. Apparently the backscatter coefficients 
become less dependent upon accelerating potential as the potential is 
increased and the surface condition is improved. 
The secondary yields apparently are more dependent upon alloy 
concentration and accelerating potential than backscatter coefficients; 
however, the total yields do not seem to be affected by accelerating 
potential but are more a surface dependent quantity. 
The &r~s associated with x-ray intensity measurements can be 
classified into two types: (1) operating parameter errors, and 
(2) independent variables associated with the elements involved and 
the physical structure of the samples. The first type of error is 
instability and/or type of operating parameters used and includes: 
(a) electron beam stability, (b) counting system stability, 
(c) counting dead time, (d) X-ray take-off angles, (e) electron 
the 
impact angle, (f) surface condition, (g) spectrometer reproducibility, 
and (h) length of counting time. The second type of error is con-
trolled by knowing the actual deviation in each alloy and theoretically 
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(b) X-ray absorption, and (c) atomic number effects. In this investi-
gation, the operating parameters were held as near constant as the 
monitoring devices allowed. Sufficient time was allowed for each 
variable to attain a steady state condition. Counting statistics 
were incorporated such that results would be comparable to one 
another. 
The errors associated with the sample current measurements are 
dependent upon the significant figures available from the monitoring 
equipment. The largest error is introduced through the use of the 
current read-out meter. The microampere current values could only 
be read to two significant figures and a third estimated figure. 
This three figure accuracy would be sufficient for our purpose 
except for the fact that the backscatter secondary yields are 
dependent upon differences between these figures. Thus, in these 
measurements, the third estimated figure has the only net change 
for the differences. Because of this influence, the maximum error 
is estimated to be less than twenty-five percent. 
The method of capturing the electron beam seems to be adequate; 
however, the possibility of high energy backscattered electrons 
escaping through the hole in the Faraday cup is possible. To 
eliminate this problem, the ratio of the depth of the hole in the 
cup to the hole width was over one hundred to one. Thus, the 
fraction of high energy backscatter electrons would be very small 
and probably negligible. 
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The precision of the backscatter coefficient determinations can 
be estimated for copper alone. Manganese coefficients were not avail-
able in the literature reviewed and those coefficients cited for 
copper were approximately within ten percent of each other (Fig. 15). 
The backscatter coefficient for copper in this study varied between 
0.260 and 0.267 depending upon the accelerating potential. The range 
of values appeared to be the result of scatter more than accelerating 
potential. Several investigators have reported coefficients for 
copper and included: (1) Burkhalter reported 0.327 for copper at 
25 KV and a 30 degree tilt anglel5; (2) Shimizu and Shinoda reported 
0.294 for 25 KV and 0 degree tilt anglel9; and (3) Wittry reported 
0.291 for 30 KV20. Comparison of the reported data and data obtained 
in this study indicates that all data are within ten percent. 
The backscatter coefficients obtained for manganese varies be-
tween 0.240 and 0.246 and were independent of accelerating potential. 
Wittry reported that secondary yields did not vary systematically 
with atomic number; however, the secondary yield did increase slightly 
20 
with increasing atomic numbers . In this study, a small change in 
accelerating potential affected the secondary yields more conclusively 
than a slight change in the average atomic number. The dependence of 
the magnitude of the secondary yields with accelerating potential is 
readily observed. Decreasing the potential increases the secondary 
yields and coincides with that observed by other investigators; 
however, the magnitude of the yields are not comparable with other 
reported data. 
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COPPER BACKSCATTER COEFFICIENTS 
Backscatter Sample Accelerating 
Coefficient Tilt Angle Potential Reference 
0.327 30° 25 KV Burkhalter (15) 
0.294 oo 25 KV Shimizu, Shinoda (19) 
0. 2 91 •k 30 KV Wittry (20) 
-
0.264 oo 25 KV Parr 
·k Not Reported. 
FIGURE 15 - REPORTED BACKSCATTER COEFFICIENTS FOR COPPER 
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The total yields obtained are also a function of accelerating 
potential. An increase in accelerating potential causes a corre-
sponding decrease in total yields. This is due to the influence of 
accelerating potential upon the secondary yields ~ig. 16). 
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TOTAL YIELDS FOR COPPER 
Total Sample Accelerating Reference Yield Tilt Angle Potential 
0.28~·~ oo 30 KV Philibert, Weinryb (14) 
0.33 .,.~ 30° 35 KV Burkhalter (15) 
0. 2 9~·~ oo 28 KV Poole, Thomas (6) 
0.318 oo 25 KV Parr 
* Values Estimated From Graphs. 
FIGURE 16 - REPORTED TOTAL YIELDS FOR COPPER 
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VI. SUGGESTED CORRECTION PROCEDURES 
A. LINEAR ADJUSTMENTS 
One possible means of correcting data from this system is to 
linearly adjust the observed data by either adding or subtracting a 
set percent. In one series of measurements, no adjustment is needed 
for a wide range of concentrations. If these linear adjustments are 
used, the error contained in the measurements will be less than 
five percent. 
The suggested adjustments are as follows: (1) Copper intensity 
measurements at 15 KV accelerating potential are acceptable since 
the error will be less than five percent in most cases. For the 
manganese intensity measurements, a one percentage point subtrac-
tion is necessary up to 35 percent by weight manganese. Above this 
concentration, no adjustment is necessary. (2) For copper intensity 
measurements at 20 KV, add three percentage points to each measure-
ment and for low concentrations of manganese up to 35 percent by 
weight subtract two percentage points for each measurement. Above 
35 percent, no correction is necessary for manganese measurements. 
(3) For copper intensity measurements at 25 KV, add two percentage 
points to each measurement and for manganese subtract two percentage 
points for each measurement. In the majority of the measurements 
made, the stated adjustments will allow a maximum of five percent 
error (Fig. 17). 
MANGANESE CORRECTIONS 
True Determined Corrected 
Composition Composition Composition (-2/o) Percent 
(Percent) (Percent) (Percent) Error 
4.81 6.4 4.4 8.50 
14.6 18.5 16.5 13.0 
31.0 37.0 35.0 13.0 
34.6 40.3 38.3 10.7 
59.5 60.7 58.7 1. 35 
59.7 63. 6 61. 6 3.18 
64.5 67. 7 65.7 1. 86 
70.2 75.1 73.1 4.13 
71.7 81.3 79.3 11.3 
79.6 84.0 82.0 2.40 
79.5 82.1 80.1 0.75 
79.7 84.2 82.2 3.14 
81.4 85.2 83.2 2.21 
84.5 85.0 83.0 1. 78 
84.7 87.9 85.9 1.42 




An analysis of these adjustments leads to a simple method for 
estimating the correct compositions. An acceptable result can be 
obtained by averaging the measurements for copper obtained from 
copper intensity measurements using constant beam current and 
constant sample current modes (Figs. 8 and 18). Manganese correc-
tions could also be obtained by a similar procedure. 
B. GRAPHICAL COMPENSATING METHOD 
Another method which appears to be a more precise means of 
adjusting data can be applied graphically. This method incorporates 
an ideal relationship between relative intensity and composition. A 
graph is drawn of the ideal relative intensity versus percent by 
weight of the element under investigation. Then relative intensity 
measurements are obtained at three different accelerating potentials. 
Superimposed upon the ideal graph is a graph of the relative intensity 
versus the normalized to the maximum accelerating potential. The 
three data points for the different accelerating potentials are then 
plotted on the ideal graph. The curve that best fits the three data 
points is drawn and extended until it intersects the ideal line. 
This intersection represents the actual value of the element in the 
alloy. The other coordinate represents the ideal operating potential 
whereby no corrections are necessary to the raw data for this element. 
This procedure is then applied for all elements if more than two 
elements are present in the alloy. 
This method appears to automatically compensate for fluores-
cence, absorption, and atomic number phenomena. Another advantage is 
AVERAGE COMPOSITION METHOD 
20 KV 
- 600 Grit Surface 
Constant Beam Constant Sample 
Actual Current Current Average Error 
(% Cu) (% Cu) (% Cu) (% Cu) (%) 
94.8 97.5 93.8 95.6 0.84 
85.2 83.8 76.8 80.3 5. 75 
68.5 69.8 64.8 67.3 1. 75 
65.3 66.6 59.8 63.2 3.22 
39.6 39.9 40.2 40.0 0.10 
39.8 38.7 35.0 36.8 7.54 
35.1 35.4 36.9 36.1 2.85 
29.6 29.6 24.4 27.0 8. 78 
28.1 32.7 22.2 27.4 2.49 
19.7 20.2 16. 7 18.4 6.60 
19.8 19.6 18.3 18.9 4.55 
18.7 17.8 17.3 17.5 11.1 
18.4 18.0 17.7 17.8 3.26 
15.4 15.9 16.1 16.0 3.90 
14.6 15.5 14.7 15.1 3.43 
FIGURE 18 - AVERAGE COMPOSITIONS DERIVED FROM CONSTANT BEAM AND 
CONSTANT SAMPLE CURRENT MEASUREMENTS 
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that no estimated concentration is needed to apply correction 
procedures. Possibly, the biggest advantage of such a procedure 
is the elimination of calculations and the need for accurate 
fluorescence and mass absorption coefficients. 
This method appears to be a simple yet accurate means for 
adjusting data while the possibility of extending such a method to 
multicomponent systems seems quite feasible. Several graphical 
corrections have been obtained that appear to support this method 
(Fig. 19). 
Normalizing the accelerating potential to a different potential 
other than the maximum used in this investigation causes a change in 
the results. This change in results may be due to the insufficient 
number of acceleration potentials used in this study. This 
graphical method does show the possible dependence of optimum 
operating potential upon the relative concentration of the element 
under consideration. Low concentrations can probably be determined 
more accurately using relatively low accelerating potentials; high 
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TABLE I. SAMPLE COMPOSITIONs~·~ 
Percent Manganese Percent Copper 
Sample 
Number 
Nominal Actual Nominal Actual 
1 5 4.81 95 94.8 
2 15 14.6 85 85.2 
3 31 31.0 69 68.5 
4 35 34.6 65 65.3 
5 60 59.6 40 39.6 
6 60 59.7 40 39.8 
7 65 64.8 35 35.1 
8 70 70.2 30 29.6 
9 72 71.7 28 28.1 
10 80 79.6 20 19.7 
11 80 79.5 20 19.8 
12 80 79.7 20 19.7 
13 82 81.4 18 18.4 
14 85 84.5 15 15.4 
15 85 84.7 15 14.6 
~·: Actual analysis has been given to three significant figures. 
TABLE II. X-RAY INTENSITY DATA 
Accelerating Potential - 25 KV Constant Beam Current 
Sample Time (sec) Peak (c) Background (c) Peak-Background (c/s) 
(1) Cu (Ka) 5 41,805 380 8280 
Mn(Ka) 10 74,2 95 468 7380 
1 Cu 5 40,240 372 7980 
Mn 100 56,331 4044 523 
2 Cu 10 71,432 735 7070 
Mn 50 77,982 2010 1520 
3 Cu 10 58,550 720 5780 
Mn 20 58,986 903 2900 
4 Cu 10 56,606 731 5590 
Mn 20 62,453 821 3080 
5 Cu 20 69,433 1270 3410 
Mn 10 48,141 480 4770 
6 Cu 20 67,470 1245 3310 
Mn 10 50,127 475 4970 
7 Cu 20 63,827 1294 3130 
Mn 10 51,305 427 5090 
8 Cu 20 47,717 1178 2330 



























TABLE II. X·RAY INTENSITY DATA (Concluded) 
Accelerating Potential - 25 KV Constant Beam Current 
Sample Time (sec) Peak (c) Background (c) Peak-Background (c/s) 
9 Cu 20 42 '728 1238 2070 
Mn 10 58,086 423 5770 
10 Cu so 83,844 3113 1610 
Mn 10 S7,S06 467 5700 
11 Cu 50 81,271 3001 1570 
Mn 10 60,349 456 5990 
12 Cu 50 81,387 2976 1570 
Mn 10 61,753 479 6130 
13 Cu 50 77 '708 3080 1490 
Mn 10 62,146 450 6170 
14 Cu 50 6 9,416 2950 1330 
Mn 10 64,009 433 6360 
15 Cu so 64,678 2934 1230 
Mn 10 64,358 414 6390 
(2) Cu (Ka) 5 43,350 403 8590 

























TABLE III. X-RAY INTENSITY DATA 
Accelerating Potential - 20 KV Constant Beam Current 
Sample Time (sec) Peak (c) Background (c) Peak-Background (c/s) 
(1) Cu (Ka) 10 58,884 797 5810 
Mn(Ka) s S0,539 367 10,000 
1 Cu 10 57,446 774 5670 
Mn 100 60,677 4683 S60 
2 Cu 10 49,506 761 4870 
Mn so 82,670 2465 1600 
3 Cu 10 41,149 693 4050 
Mn 20 68,012 1055 33SO 
4 Cu 20 78,8S6 1424 3870 
Mn 20 72 ,326 1085 3560 
5 Cu 20 47,655 1301 2320 
Mn 10 62,414 558 6190 
6 Cu 20 46,290 1289 2250 
Mn 10 60 '5 71 583 6000 
7 cu so 106 '134 3199 2060 
Mn 10 62,871 619 6230 
8 Cu 50 89,091 3274 '1720 

























TABLE III. X-RAY INTENSITY DATA (Concluded) 
Accelerating Potential - 20 KV Constant Beam Current 
Sample Time (sec) Peak (c) Background (c) Peak-Background (c/s) 
9 Cu 50 100,133 3235 1940 
Mn 10 70,704 551 7020 
10 Cu 50 62,86 9 3066 1200 
Mn 10 74,450 632 7390 
11 Cu 50 61,131 2953 1160 
Mn 10 75,633 588 7500 
12 Cu 50 56,063 3118 1060 
Mn 10 77 '741 651 7710 
13 Cu 50 56,523 3095 1070 
Mn 10 76,281 613 7570 
14 Cu 50 50,086 2935 940 
Mn 10 76,519 617 7590 
15 Cu 50 48,806 2910 920 
Mn 10 80,198 644 7960 
(2) Cu (Ka) 10 60,168 802 5940 






















TABLE IV. X-RAY INTENSITY DATA 
Accelerating Potential - 15 KV Constant Beam Current 
I Sample Time (sec) Peak (c) Background (c) Peak-Background (c/s) 
(1) Cu (Ka) 20 44,589 954 2180 
Mn(Ka) 20 95 ,432 619 4740 
1 Cu 50 105,375 2279 2060 
Mn 200 56,397 5952 252 
2 Cu 50 99,494 2215 1950 
Mn 100 79,034 3058 760 
3 Cu 50 76,407 2142 1490 
Mn 50 81 ,511 1588 1600 
4 Cu 50 76,310 2114 1480 
Mn 50 84,510 1601 1660 
5 Cu 100 88,684 3865 850 
Mn 20 55,461 596 2740 
6 Cu 100 92,624 3867 888 
Mn 20 58,795 674 2910 
7 Cu 100 88,373 3945 844 
Mn 20 59,030 661 2920 
8 Cu 100 68,838 4047 648 
























TABLE IV. X-RAY INTENSITY DATA (Concluded) 
Accelerating Potential - 15 KV Constant Beam Current 
Sample Time (sec) Peak (c) Background (c) Peak-Background (c/s) 
i 9 Cu 100 63,260 4054 592 
Mn 20 71,307 656 3530 
10 Cu 100 52,333 4013 483 
Mn 20 76,836 689 3810 
11 Cu 100 48,631 3724 449 
Mn 20 73,925 645 3660 
12 Cu 100 47 '114 3901 432 
Mn 20 78,2 91 687 3880 
13 Cu 200 95,057 7673 437 
Mn 20 78,013 661 3870 
14 Cu 200 82,076 7559 372 
Mn 20 81,157 657 4030 
15 Cu 200 82,658 7677 374 
Mn 20 79,316 619 3940 
(2) Cu (Ka) 20 46,659 913 2290 






















TABLE V. X-RAY INTENSITY DATA 
Accelerating Potential - 25 KV Constant Sample Current 
Sample Time (sec) Peak (c) Background (c) Peak-Background (c/s) 
(1) Cu (Ka) 10 76,589 908 7570 
Mn(Ka) 5 72 '154 314 14,400 
1 Cu 10 74,121 977 7310 
Mn 50 46,364 3019 867 
2 Cu 10 65,355 987 6440 
Mn 20 50' 950 1147 2490 
3 Cu 10 51,270 866 5040 
Mn 20 103,456 1298 5110 
4 Cu 10 49,689 944 4870 
Mn 10 53,062 595 5250 
5 Cu 20 55,630 1746 2690 
Mn 10 88' 924 613 8830 
6 Cu 20 57,377 1671 2790 
Mn 10 90,419 572 8990 
7 Cu 20 53,804 1780 2600 
Mn 10 95,288 648 9460 
8 Cu 20 3 9,356 1675 1880 

























TABLE V. X·RAY INTENSITY DATA (Concluded) 
Accelerating Potential - 25 KV Constant Sample Current 
Sample Time (sec) Peak (c) Background (c) Peak-Background (c/s) 
9 Cu 50 95,439 3873 1830 
Mn 5 50,088 306 9960 
10 Cu 50 78,616 4171 1490 
Mn 5 57,084 303 11,360 
11 Cu 50 72,266 3840 1370 
Mn 5 57,269 306 11,390 
12 Cu 50 68,869 4128 1290 
Mn 5 57' 909 310 11 ,520 
13 Cu 50 6 9,148 4278 1300 
Mn 5 58,885 323 11,710 
14 Cu 50 61,120 4090 1140 
Mn 5 61,314 333 12,200 
15 Cu 50 58,595 3866 1090 
Mn 5 60,983 284 12,140 
(2) Cu (Ka) 10 76,950 978 7600 
























TABLE VI. X-RAY INTENSITY DATA 
I Accelerating Potential - 20 KV Constant Sample Current 
' 
Sample Time (sec) Peak (c) Background (c) Peak-Background (c/s) 
(1) Cu (Ka) 20 84,231 918 4170 
MN(Ka) 10 70,561 296 7030 
1 Cu 20 79,085 970 3910 
Mn 100 46 ,261 296 7 433 
2 Cu 20 64 '705 876 3200 
Mn 50 63,651 1488 1240 
3 Cu 20 54,905 845 2700 
Mn 20 50,355 601 2490 
4 Cu 20 50,522 821 2490 
Mn 20 49' 990 539 2270 
5 Cu 50 86,051 1930 1680 
Mn 20 88,349 594 4390 
6 Cu 50 75 ,095 1920 1460 
Mn 10 45,332 326 4500 
7 Cu 50 7 8 '720 1808 1540 
Mn 10 44 '719 297 4440 
8 Cu 50 52' 945 1814 1020 


































TABLE VI. X-RAY INTENSITY ~TA (Concluded) 
Accelerating Potential - 20 KV Constant Sample Current 
Sample Time (sec) Peak (c) Background (c) Peak-Background (c/s) 
9 Cu so 47,974 2007 920 
Mn 10 55,604 2 98 5530 
10 Cu 100 72 ,214 3435 690 
Mn 10 59' 837 259 5960 
11 Cu 100 6 9,082 3559 755 
Mn 10 59,483 239 5920 
12 Cu 100 74,606 3339 713 
Mn 10 59,137 313 5880 
13 Cu 100 76,735 3506 732 
Mn 10 60 ,3 77 282 6010 
14 Cu 100 6 9,480 3128 665 
Mn 10 60,785 276 6050 
15 Cu 100 63 '926 3445 605 
Mn 10 61 '195 231 6100 
(2) Cu (Ka) 20 83 '113 441 4130 























TABLE VII. X-RAY INTENSITY DATA 
Accelerating Potential - 15 KV Constant Sample Current 
Sample Time (sec) Peak (c) ~~ckground (c) Peak-Background (c/s) 
(1) Cu (Ka) 50 52,456 234 1050 
Mn(Ka) 20 54,633 331 2710 
1 Cu 50 49,114 257 980 
Mn 500 88,762 8131 161 
2 Cu 50 44,206 269 878 
Mn 100 48,900 1526 474 
3 Cu 100 74,234 237 740 
Mn 100 87,820 1593 862 
4 Cu 100 71 '815 233 716 
Mn 50 53,367 831 1050 
5 Cu 100 43 '776 216 436 
Mn 50 66,551 768 1315 
6 Cu 100 43,235 228 430 
Mn 50 86 '954 804 1720 
7 Cu 200 41 '145 213 205 
Mn 50 92,043 698 1830 
8 Cu 200 64' 900 225 324 
























TABLE VII. X-RAY INTENSITY DATA (Concluded) 
Accelerating Potential - 15 KV Constant Sample Current 
I 
Sample Time (sec) Peak (c) Background (c) Peak-Background (c/s) 
9 Cu 200 62,197 207 310 
Mn 50 103,000 780 2040 
10 Cu 200 48,272 210 240 
Mn 50 107,221 762 2120 
11 Cu 200 44,255 202 220 
Mn 50 111,176 792 2210 
12 Cu 500 103,305 198 206 
Mn 50 115 '749 825 2800 
13 Cu 500 102,803 200 205 
Mn so 117 ,353 789 2330 
14 Cu 500 93,615 196 186 
Mn 50 117 '926 818 2340 
15 Cu 500 90,680 197 181 
Mn 50 118,493 836 2350 
(2) Cu (Kcx) 50 54,163 249 1160 






















TABLE VIII. X-RAY INTENSITY DATA 
Accelerating Potential - 25 KV Constant Beam Current 
I 
Sample Time (sec) Peak (c) Background (c) Peak-Background (c/s) 
(1) Cu(Va) 10 48,989 388 4860 
Mn (kt) 10 63,000 227 6280 
1 Cu 10 46,476 446 4600 
Mn 100 42 '159 2268 399 
2 Cu 10 41 '714 374 4130 
Mn 50 59,291 1247 1160 
3 Cu 20 64,279 719 3180 
Mn 20 46,885 442 2320 
4 Cu 20 59' 763 645 2960 
Mn 20 51,058 513 2780 
5 Cu 50 96,017 1622 1890 
Mn 20 76,676 460 3810 
6Cu 50 91,239 1634 1790 
Mn 10 40 '154 218 3990 
7 Cu 50 87,563 1681 1720 
Mn 10 42,738 248 4250 
8 Cu 50 81,367 1615 1600 





























TABLE VIII. X-RAY INTENSITY DATA 
Accelerating Potential - 25 KV Constant Beam Current 
I 
I Sample Time (sec) Peak (c) Background (c) Peak-Background (c/s) 
9 Cu 50 53,345 1568 1040 
Mn 10 50,220 227 5000 
10 Cu 50 44,087 1475 852 
Mn 10 51,943 256 5170 
11 Cu 50 43,500 1437 841 
Mn 10 50,753 255 5050 
12 Cu 50 39,773 1496 766 
Mn 10 52,045 253 5180 
13 Cu 100 82,665 2951 797 
Mn 10 52,618 232 5240 
14 Cu 100 71,113 3012 681 
Mn 10 52,520 241 5230 
15 Cu 100 62,112 2984 591 
Mn 10 54,233 200 5400 
(2) Cu (Ka) 10 47,992 385 4760 



























TABLE IX. X-RAY INTENSITY Ili\TA 
I Accelerating Potential - 20 KV Constant Beam Current 
Sample Time (sec) Peak (c) Background (c) Peak-Background (c/s) 
(1) Cu (Fa) 20 51,774 485 2570 
Mn(¥a) 10 48,881 164 4870 
1 Cu 20 47,708 449 2360 
Mn 200 62,497 3553 295 
2 Cu 20 41,035 428 2030 
Mn 50 42,606 898 834 
3 Cu 50 78,800 1044 1560 
Mn 50 83,371 906 1650 
4 Cu 50 79,694 995 1570 
Mn 50 91,021 900 1800 
5 Cu 50 49,254 921 966 
Mn 20 52,578 330 2610 
6 Cu 50 48,560 954 952 
Mn 20 57,612 378 2860 
7 Cu 50 44,839 964 878 
Mn 20 61,135 310 3040 
8 Cu 100 70,544 1966 686 
























TABLE IX. X-RAY INTENSITY DATA (Concluded) 
Accelerating Potential - 20 KV Constant Beam Current 
Sample Time (sec) Peak (c) Background (c) Peak-Background (c/s) 
9 Cu 100 55' 921 1886 540 
Mn 20 75,348 359 3750 
10 Cu 100 47,547 1936 456 
Mn 20 81,280 332 4050 
11 Cu 100 45,070 1804 432 
Mn 20 76,070 304 3790 
12 Cu 100 44,318 1879 424 
Mn 20 81,440 362 4050 
13 Cu 100 45,2 96 1905 433 
Mn 20 83,183 373 4140 
14 Cu 100 39,292 1932 373 
Mn 20 86,033 323 4290 
15 Cu 200 73,015 3646 347 
Mn 20 79,255 356 3950 
(2) Cu(Ka) 20 52,767 460 2620 





















TABLE X. X-RAY INTENSITY DATA 
Accelerating Potential - 15 KV Constant Beam Current 
' 
Sample Time (sec) Peak (c) Background (c) Peak-Background (c/s) 
(1) Cu {&t) 50 38,564 760 756 
Mn(Ka) 20 52,473 215 2610 
1 Cu 50 36,475 785 713 
Mn 200 34,268 2179 160 
2 Cu 100 45,298 1450 638 
Mn 100 46,282 1110 451 
3 Cu 100 50,645 1402 492 
Mn 50 45,367 600 895 
4 Cu 100 48,414 1512 469 
Mn 50 50,868 548 1010 
5 Cu 200 63,303 2524 304 
Mn 50 76,472 587 1520 
6 Cu 200 61,938 2568 297 
Mn 50 78,333 545 1560 
7 Cu 200 55,168 2452 263 
Mn 50 82,222 550 1630 
8 Cu 200 45,668 2560 215 



































TABLE X. X-RAY INTENSITY DATA (Concluded) 
Accelerating Potential - 15 KV Constant Beam Current 
! 
I 
Sample Time (sec) Peak (c) Background (c) Peak Background (c/s) 
9 Cu 200 39,276 2526 184 
Mn 20 38,634 224 1920 
10 Cu 200 33,259 2546 153 
Mn 20 42,357 214 2110 
11 Cu 200 32,606 2343 151 
Mn 20 40 '949 210 2040 
12 Cu zoo 32,913 2418 152 
Mn 20 43,731 252 2170 
13 Cu 200 34,619 2608 160 
Mn 20 43,876 215 2180 
14 Cu 200 31,224 2304 145 
Mn 20 45,688 226 2270 
15 Cu 200 25,219 2383 114 
Mn 20 44,282 233 2200 
(2) Cu (Ka) 50 44,679 772 878 























Sample Io (llo:) 
No. I Initial Final 
Cu 0.0150 0.0152 
Mn 0.0148 0.0150 
1 0.0180 0.0184 
2 0.0181 0.0182 
3 0.0182 0.0184 
5 0.0190 0.0190 
6 
7 0. 0190 o. 0190 
Cu 0.0150 0.0152 
Mn 0.0152 0.0155 
9 0.0155 0.0156 
10 
11 0.0156 0.0155 
14 0.0156 0.0155 
15 0.0155 0.0156 
TABLE XI. SAMPLE CURRENT DATA 
25 KV - Contaminated Surface 
Sample Current (Is) (~-tO:) Backscatter 
Grid Bias Coefficient 
Ov -50v Tj 
0.0208 0.0118 0.219 
0.0105 0. 0114 0.235 
0.0128 0.0134 0.264 
0.0129 0.0133 0.267 
0.0130 0. 0136 0.257 
0.0134 0.0142 0.253 
Poor Electrical Con rtection 
0.0134 0.0143 0.247 
0.0100 0.0110 0.272 
0.0110 0. 0118 0.231 
0.0109 0. 0119 0.235 
No Connection 
0.0111 0. 0118 0.241 
0.0110 0.0115 0.257 






































Sample Io (1J.Cl) 
No. 
Initial Final 
Cu 0.0185 0.0187 
Mn 0.0195 0.0196 
1 0.0168 0.0170 
2 0.0179 0.0180 
3 0. 0118 0.0118 
5 0.0154 0.0156 
6 
7 0.0161 0.0160 
Cu 0.0150 0.0151 
Mn 0.0151 0.0151 
9 0.0151 0.0152 
10 
ll 0.0152 0.0153 
14 0.0153 0.0155 
15 0.0155 0.0155 
TABLE XII. SAMPLE CURRENT DATA 
20 KV - Contaminated Surface 
Sample Current (Is) (!la) Backscatter 
Grid Bias Coefficient 
Ov ·50v T) 
0.0134 0.0140 0.247 
0.0143 0.0152 0.226 
0.0122 0.0125 0.260 
0.0129 0.0134 0.253 
0.0080 0.0088 0.254 
0. OllO 0.0120 0.226 
Poor K ectrica1 Conne f.tion 
0. 0112 0.0122 0.234 
0.0102 0.0112 0.256 
0.0110 0. 0115 0.238 
0.0108 0.0118 0.221 
No Connection 
0.0110 0. 0111 0.279 
0. OllO 0. 0112 0.273 







































Sample Io (!-La) 
No. 
Initial Final 
Cu 0.0150 0.0150 
I 
Mn 0.0150 0.0151 
1 0.0151 0.0152 
2 0.0152 0.0151 
3 0.0151 0.0150 
5 0.0150 0.0151 
6 
7 0.0150 0.0151 
Cu 0.0150 0.0152 
Mn 0.0152 0.0153 
9 0.0153 0.0154 
10 
11 0.0151 0.0153 
14 0.0150 0.0152 
15 0.0152 0.0153 
- ----
TABLE XIII. SAMPLE CURRENT DATA 
15 KV - Contaminated Surface 
Sample Current (Is) (~a) Backscatter 
Grid Bias Coefficient 
Ov -50v 'f) 
0.0100 0. 0110 0.267 
0.0105 0. 0113 0.249 
0.0102 0. 0110 0.274 
0.0103 O.OllO 0.274 
0.0103 0.0110 0.269 
0.0105 0.0110 0.269 
Poor ~lectrical Conn ~ction 
0.0107 0. 0114 0.243 
0.0100 0.0110 0.272 
0.0108 0. 0115 0.246 
0.0105 0.0120 0.218 
No Connection 
0.0106 0. 0112 0.263 
0.0106 0.0115 0.238 










































Cu 0.0150 0.0149 
Mn 0.0149 0.0148 
1 0.0150 0.0150 
2 0.0150 0,0151 
3 0.0150 0.0150 
5 0.0150 0.0150 
6 0.0150 0.0150 
7 0.0150 0. 0149 
Cu 0.0150 0.0150 
Mn 0.0150 0.0150 
9 0.0150 0.0150 
10 
11 0.0151 0.0151 
14 0.0150 0.0147 
15 0.0150 0.0150 
-
TABLE XIV. SAMPLE CURRENT DATA 
25 KV - Polished Surface - 2nd Run 
Sample Current (Is) (~a:) Backscatter 
Grid Bias Coefficient 
Ov -50v T} 
0.0102 0.0110 0.264 
0.0108 0. 0112 0.246 
0.0103 0.0108 0.280 
0.0103 0.0109 0.276 
0.0104 0.0110 0.26 7 
0.0104 0. 0110 0.267 
0.0102 0.0111 0.260 
0.0102 0. 0112 0.251 
0.0102 0. 0110 0.26 7 
0.0107 0.0112 0.253 
0.0102 0. 0115 0.233 
No Connection 
0. 0103 0.0114 0.245 
0.0104 0. 0112 0.251 








































Sample Io (J-La) 
No. 
Initial Final 
Cu 0.0150 0.0150 
Mn 0.0150 0.0150 
1 0.0150 0.0150 
2 0.0150 0.0150 
3 0.0150 0.0150 
5 0.0150 0.0150 
6 0.0150 0.0150 
7 0 .. 0150 0.0150 
Cu 0.0150 0.0150 
Mn 0.0150 0.0151 
9 0.0151 0.0151 
10 
11 0.0150 0.0150 
14 0.0150 0.0151 
15 0.0151 0.0152 
--
TABLE XV . SAMPLE CURRENT DATA 
20 KV - Polished Surface - 2nd Run 
Sample Current (! 8 ) C~-ta) Backscatter 
Grid Bias Coefficient 
Ov -50v T'l 
0.0102 0.0111 0.260 
0.0107 o. 0114 0.240 
0.0103 0.0109 0.273 
0.0103 0.0109 0.273 
0.0105 0.0110 0. 26 7 
0.0103 0.0111 0.260 
0.0101 0.0113 0.247 
0.0101 0.0113 0.247 
0.0101 0. 0110 0. 267 
0.0106 0.0114 0.243 
0.0102 0.0114 . 0.245 
No Connection 
0.0103 0.0114 0.240 
0.0107 0. 0114 0.243 












































Sample Io (~a) 
No. 
Initial Final 
Cu 0.0151 0.0150 
Mn 0.0151 0.0151 
1 0.0150 0.0150 
2 0.0150 0.0150 
! 
i 3 0.0150 0.0147 
5 0.0150 0.0149 
6 0.0150 0.0150 
7 0.0150 0.0150 
Cu 0.0150 0,0150 
Mn 0.0150 0.0150 
9 0.0150 0.0150 
10 
11 0.0151 0.0151 
14 0.0151 0.0151 
15 0.0151 0.0151 
-
TABLE XVI. SAMPLE CURRENT DATA 
15 KV - Polished Surface - 2nd Run 
Sample Current (Is) (!let) Backscatter 
Grid Bias Coefficient 
Ov -50v , 
0.0100 0.0109 0.267 
0.0103 0.0114 0.245 
0.0103 0.0108 0.280 
0.0102 0.0108 0.280 
0.0105 0.0107 0.287 
0.0103 0.0108 0.280 
0.0102 0. 0110 0.26 7 
0.0101 0. 0110 0.267 
0.0102 0. 0110 0.267 
0.0105 0.0113 0.247 
0.0104 0. 0111 0.262 
No Connection 
0.0103 0. 0113 0.252 
0.0104 0. 0112 0.258 


























































TABLE XVII. RESISTIVITY-CONDUCTIVITY DATA 
Resisti vi t~ Normalized Conductivity 
ohm-em x 10 Resistivity mho/em x lo-6 
1.7 o. 0071 0.59 
18 0.075 0.056 
50 0.21 0.020 
110 0.46 0.009 
130 0.54 0.00 77 
190 0.79 0.0053 
240 1.0 0.0042 
- - -
170 0. 71 0.0059 
170 0. 71 0.0059 
160 0.67 0.0063 
150 0.63 0.006 7 
140 0.57 0.0072 
150 0.63 0.0067 
130 0.54 0.0077 
i 
- - -
































TABLE XVIII. LATTICE SPACINGS 
Sample d Spacings (Angstroms) 
Number 
111 200 220 311 
Cu 2.08 1.80 1.27 1.09 
1 2.09 1.82 1.28 1.09 
2 2.12 1.83 1.30 1.10 
3 2.14 1.86 1.32 1.12 
4 2.15 1.87 1.32 1.12 
5 2.17 1.88 1.33 1.13 
6 2.17 1.88 1.33 1.13 
7 2.17 1.88 1.33 1.13 
8 2.16 1.87 1.33 1.13 
9 2.16 1.88 1.32 1.13 
10 2.16 1.88 1.32 1.13 
11 2.16 1.87 1.32 1.12 
12 2.14 1.87 1.32 1.12 
13 2.16 1.87 1.32 1.13 
14 2.15 1.87 1.32 1.13 
15 2.15 1.88 1.31 1.13 
88 
TABLE XIX. FINAL THERMAL AND 'MECHANICAL TREATMENTS 
Sample Solution ic Treatment Additional Number Time (hr) Temperature (°C) Cold Work ('/o) 
1 4 800 60 
2 4 800 60 
3 8 800 60 
4 4 800 60 
5 4 800 60 
6 4 800 60 
7 1 800 60 
8 4 800 60 
9 4 800 None 
10 4 875 None 
11 4 875 None 
12 4 875 None 
13 4 875 None 
14 4 875 None 
15 4 875 None 
* Helium atmosphere and water quenched. 
